ABSTRACT -The objective was to evaluate the dietary supplementation of different sources of chromium (inorganic: chromium sulfate and chelated: chromium-methionine) during the finishing period of pigs to obtain improvements in the animal performance, and carcass and meat quality. The statistical design was randomized blocks, where 44 barrows, with an initial weight 60.49±5.12 kg, were divided into four blocks (heavier, heavy, light and lighter) according to initial weight. The experimental diets were isoenergetic and isonutrient, except for the chromium level. The treatments were divided as follows: control (without chromium), control + 200 ppb of inorganic chromium (chromium sulfate), and control + 200 ppb of chelated chromium (chromium-methionine). In the performance measures, the stall was considered the experimental unit and in the blood parameters, carcass and meat evaluations each animal constituted the experimental unit. Animals were slaughtered when they reached the final average weight of 107.23±5.23 kg. Blood samples were collected and tested for blood parameters (cholesterol, triglycerides and glucose) as well as carcass quality (hot and cold weights, yield, loin-eye area, muscle depth and backfat thickness) and meat quality (initial and final pH, drip loss, color, chemical composition and lipid oxidation) parameters. Chromium-methionine supplementation provides a greater daily weight gain only compared with the animals that are not supplemented with chromium, because feed conversion is better as compared with the other treatments. After 24 hours of storage, the meat from pigs supplemented either with chromium-methionine or with chromium sulfate presents lower lipid oxidation than that from non-supplemented animals. However, after three days of storage, only chromim-methionine is effective in reducing lipid oxidation.
Introduction
The low consumption of pork in Brazil as compared with other countries is due to prejudice, especially because consumers consider it a fat meat. Thus, the demand for leaner carcasses and meat goes against the preferences of the consumer market (Roppa, 2002) .
An alternative to improve the quality of pig carcass and meat is through dietary supplementation of chromium (Spears, 2010) .
The action of chromium in the animal metabolism induces maximization of the stimulus of glucose uptake by the cells of the target tissues due to the glucose tolerance factor (GTF) (Gomes et al., 2005) . And the greater input of glucose into these cells is associated with an increased deposition of lean meat in the carcass by increasing muscle protein synthesis (Park et al., 2009 ).
Chromium appears in the animal diet in the inorganic form; however, this source presents low absorption by the animal organism (EFSA, 2012) . This occurs because, during digestion, these compounds form insoluble complexes and can also adhere to the carbohydrates of the diet, preventing their absorption (Silva, 2007) . Nonetheless, this absorption may be facilitated by other nutrients such as the amino acids methionine and histidine and vitamin C (Garcia and Garns, 2004) .
Metal ions bind chemically to an organic molecule forming structures with unique characteristics of stability and high bioavailability (AAFCO, 1997) . Therefore, the chelated minerals present increased bioavailability as compared with inorganic minerals.
Because of these characteristics, chromium influences the animal performance positively by improving weight gain, in addition to its effects on meat quality by reducing lipid oxidation, as it acts in the "control" of the formation of free radicals (Preuss et al., 1997) .
The objective of this study was to evaluate the effects of dietary supplementation of different chromium sources for finishing pigs aiming to improve animal performance and carcass and meat quality. The experimental design was completely randomized. Forty-four barrows with an initial body weight of 60.49±5.12 kg were used, and due to the variation in body weight at the beginning of the experiment, they were divided into four groups (heavier, heavy, light and lighter animals) and at the end of the experiment they were slaughtered with a final average body weight of 107.23±5.23 kg.
The animals were subjected to three treatments during the finishing phase: a control diet without the addition of chromium; a control diet with inclusion of 200 ppb of chromium sulphate (inorganic source); and a control diet with inclusion of 200 ppb of chromium-methionine (chelated source).
In the performance analyses, the stall was considered the experimental unit, with the treatments without addition of chromium and with inclusion of chromium-methionine consisting of seven stalls with two pigs and one stall with only one animal, and the treatment with chromium sulphate consisted of six stalls with two pigs and two stalls with only one animal, totaling 24 stalls, 44 animals and eight repetitions per treatment. In the assessments of blood parameters, carcass and meat, each animal consisted of one experimental unit, so the number of repetitions for the diets without addition of chromium, with inclusion of chromium sulphate, and with inclusion of chromium-methionine were 15, 14 and 15, respectively.
The experimental diets (Table 1) given to the animals were isoenergetic and isonutrient except for the micromineral chromium, and they were formulated so as to meet the minimum nutritional requirements established by the Brazilian Tables for Poultry and Swine (Rostagno et al., 2011) .
To provide the amount of 200 ppb of chromium to the supplemented animals the total diet to be provided was calculated according to the used source. The daily weight gain, the daily feed intake and the feed conversion of the animals were measured to evaluate their performance.
To measure cholesterol, triglycerides and blood glucose during the performance evaluation, the pigs were feed-deprived for approximately 12 hours, and a sample of 5 mL of blood was collected from each animal in tubes without anticoagulant for cholesterol and triglycerides, and with anticoagulant (fluoride) for glucose at the beginning and end of the experiment.
Cholesterol, triglycerides and glucose were determined according to the following methods: GPO-PAP enzymatic colorimetric, enzymatic colorimetric with lipid clearing factor (LCF) and GPO-PAP enzymatic colorimetric, respectively, using an Ebram kit on a HITACHI 911 device.
The diet was withdrawn approximately seven hours before the departure of the animals, which were fed only water until the slaughter.
The animals were conducted with a handling board to the truck and transported to the slaughterhouse one day before the slaughter in the late afternoon due to the milder ambient temperature.
The pigs were slaughtered at a commercial abattoir in the city of Rolândia -PR. The slaughter procedures complied with the current legislation, according to Humane Slaughter (Brasil, 2000) . The slaughter was preceded by stunning via electrical current, using a Petrovina ® IS 2000 with two electrodes, applying 350 volts and 1.3 amperes for three seconds. Bleeding was performed by sectioning the major vessels with the animals in the upright position, suspended by the hind limb.
In the slaughter line, subsequent to bleeding, the carcasses were scalding, cleaned, eviscerated, and sectioned lengthwise, and then weighed immediately after slaughter for obtaining hot carcass weight.
The carcasses were chilled for 24 hours at 2 ±2 °C and weighed to determine the cold carcass weight. Afterwards, the carcass was evaluated according to ABCS (1973) .
It was possible to determine the carcass yield through the values of hot carcass weight compared with the live weight at slaughter, as cited by Bridi and Silva (2009) .
The pH of the left half of each carcass was measured with the use of a potentiometer Testo, model 205, inserting it into the longissimus dorsi muscle between the penultimate and last ribs, in periods of 45 minutes after slaughter and 24 hours of carcass chilling to determine the initial and final pH, respectively.
The left halves of the carcasses were sectioned between the last thoracic vertebra and the first lumbar to determine the loin-eye area, followed by the measurement of depth of the longissimus dorsi and fat thickness at 6 cm of the midline section, according to AMSA (2001) .
At the end of the carcass evaluation, a piece of 30 cm in length of the longissimus dorsi muscle of each left half of the carcasses was removed, identified, packaged and transported in coolers to the laboratory for further analyses.
At the laboratory, the longissimus dorsi muscle was divided into three samples in the caudal-cranial direction. First: color and drip loss; second: lipid oxidation; and third: chemical composition of the meat. The samples of color, drip loss and lipid oxidation at 24 hours were subjected to laboratory analysis 24 hours after slaughter of animals and the remaining samples were packed in plastic bags and frozen for later analysis. The color was tested using a Minolta ® portable colorimeter (model CR-10 colorimeter with illuminant C and 8º angle of inclination -Tokyo, JP) and the components L* (lightness), a* (red-green component) and b* (yellow-blue component) were determined in accordance with the CIELAB system.
The drip loss was determined according to the technique described by Boccard et al. (1981) .
For the assessment of lipid oxidation, the thiobarbituric acid reactive substances (TBARS) method was used, according to Pikul et al. (1989) .
For the chemical composition, the AOAC (1995) method was used to obtain values in percentage of ash, protein and ether extract on a dry matter basis.
The results were subjected to analysis of variance and comparison of means by Tukey's test, using SAEG (Sistema de Análises Estatísticas e Genéticas, version 9.1).
Results and Discussion
There was no statistical difference between the treatments (Table 2) for the initial and final weights of the animals and the daily feed intake. Lien et al. (2001) observed that the supplementation of 200 and 400 ppb of chromium picolinate increased the daily feed intake, unlike the observed in this study, in which no difference was found between the same treatments. Almeida et al. (2010) found that the supplementation of 400 ppb of chromium-methionine did not influence any performance parameters other than the daily feed intake, which reduced. However, Park et al. (2009) found no difference in daily feed intake between animals supplemented with inorganic chromium (chromium sulfate) and those supplemented with chelated chromium (chromiummethionine), which is similar to the results observed in the present study.
The daily weight gain only differed between the treatments without supplementation of chromium and supplementation with chromium of chelated source (chromium-methionine). The chelated chromium supplementation provided the best feed conversion as compared with the other treatments.
Recent studies indicate that the use of inorganic or chelated chromium supplementation for pigs is contradictory. Therefore, the weight gain of pigs supplemented with chromium influences the development of the muscle tissues (Park et al., 2009) due to the increase in the uptake of glucose by insulin sensitive cells, and this additional energy is fuel for protein synthesis, providing support to the tissue growth (muscle) and to the cell maintenance (Anderson and Kolozlovsky, 1985) .
There was no statistical difference in the levels of cholesterol and triglycerides among the treatments performed at the beginning and end of the experiment (Table 3) . This is a contradiction, since the chromium should act on the lipid metabolism by increasing the activity of the lipoprotein lipase enzyme, reducing total cholesterol and triglycerides (Amoikon et al., 1995) . Marangon and Fernandes (2005) revealed that only the animals that did not receive chromium supplementation, either in inorganic or chelated form, had increased levels of cholesterol and triglycerides at the end of the experimental period, since elevated cholesterol and triglycerides are typical symptoms of chromium deficiency in mammals. A significant difference in the level of final blood glucose was found between the unsupplemented group and the animals supplemented with inorganic or chelated chromium. The pigs supplemented with chromium sulfate or chromium-methionine presented a decrease in their final blood glucose (Table 3) . The reduction in plasma glucose level can be explained by the activation of the glucose tolerance factor (GTF) in the presence of chromium in the cytosol, strengthening the action of the insulin due to the maximization of the fluidity of the cell membrane. This increased the sensitivity of the cell to glucose (Evans and Bowman, 1992) , resulting in a reduction of plasma glucose concentration.
No significant statistical difference was found between the treatments when hot carcass weight and cold carcass weight were analyzed. Consequently, the carcass yield followed the same behavior (Table 4) . Lindemann et al. (1995) , Lien et al. (2001) , Xi et al. (2001) , and Ohh and Lee (2005) found positive effects of chromium supplementation on pig carcass traits, unlike Mooney and Cromwell (1995) , Mooney and Cromwell (1997) , Lima and Guidoni (1999) , and Almeida et al. (2010) , who demonstrated that there is no effect of chromium-methionine on the carcass traits of pigs.
The lack of statistical difference in the hot and cold carcass weights and carcass yield is probably due to the final live weight, which did not differ among treatments, and this possibly also influenced the results of the loin-eye area, muscle depth and backfat thickness (Table 4) . The initial and final pH were not affected by the treatments (Table 5) , which is consistent with Matthews et al. (2003) and Matthews et al. (2005) , who supplemented pigs with chromium picolinate, and Toghyani et al. (2008) , who evaluated chicken meat. They also found no difference in the pH when using treatments with inorganic or chelated chromium.
There was no statistical difference in drip loss among the three treatments (Table 5) . Boleman et al. (1995) and Jackson et al. (2009) also observed no significant difference in drip loss when pigs were supplemented with chromium. However, O'Quinn et al. (1998) and Matthews et al. (2005) observed that chelated-chromium supplementation improved the water-retention capacity.
The color variable was not influenced by the different treatments (Table 5) . The results were similar to those found by Matthews et al. (2005) and Almeida et al. (2010) , who evaluated the use of chelated chromium.
The pH influences drip loss and color. There is an inverse relationship between pH and drip loss, because as the pH decreases, the drip loss increases due to denaturation of muscle proteins with consequent changes in cell membrane permeability (Hertog-Meischke et al., 1997) . The drip loss influences color variation.
Thus, it can be stated that because of the lack of difference in initial pH among treatments, the drip loss and the color of the evaluated meats could not present any difference among them.
There was no statistical difference among the treatments regarding the proximate composition of meats (Table 5) . Mooney and Cromwell (1997) and Van Ligt et al. (2002) also observed that dry matter, ash, protein and ether extract did not differ among treatments.
However, Boleman et al. (1995) reported that animals fed chromium picolinate had their body fat percentage reduced. These results are in accordance with the expected effect of chromium, which is an increase in the amount of lean carcass at the expense of a decrease in the fat percentage. This is explained by the chromium ability to promote increased glucose uptake by the target cells, preventing the excess of plasmatic glucose, which can be converted into fat (Gomes et al., 2005) .
The chromium supplementation was effective in reducing lipid oxidation in both chilling periods (Table 6 ). After 24 hours of chilling it was found that the meat from animals without supplementation of chromium proved more oxidized than the meat from animals supplemented with inorganic or chelated chromium, which did not differ between them. Regarding the meat that kept refrigerated for three days, it was possible to prove continuity of the positive effect of chelated chromium in reducing lipid oxidation, which differed from the control group, but not from the group supplemented with inorganic chromium. However, after three days of refrigeration, lipid oxidation in the inorganic chromium group did not differ from the control group. In this study it was found that the glucose level in the group of animals which were not supplemented with chromium was the highest. The sharp metabolism of glucose under hyperglycemia is usually associated with the high formation of free radicals (Schneider and Oliveira, 2004) .
The formation of free radicals arises from AGE (advanced glycation end-products) formed during the glycation, wherein the excess sugar molecule adheres to one molecule of protein (collagen, elastin, among others), originating the free radicals. The AGE are a "sugar-protein" complex which form free radicals, thereby triggering the oxidative stress, as they have the capacity to modify the chemical and functional properties of various biological structures (Bierhaus et al., 1998; Jakus and Rietbrock, 2004) .
Chromium, associated with other molecules, acts in the form of an organic complex called the glucose tolerance factor, presenting an effect of amplification of the insulin signal (Schwartz and Mertz, 1959) .
One possible explanation for the chrome effect in reducing lipid oxidation in meat from animals supplemented with this mineral is that the potentiation of the insulin reduces the excess of circulating glucose. Consequently, a smaller amount of AGE is formed, resulting in fewer free radicals acting on the biological structures, thereby minimizing the susceptibility to lipid oxidation of these meats.
Conclusions
Supplementation of chromium-methionine for finishing pigs provides a greater daily weight gain as compared with no supplementation, because feed conversion is improved. Regardless of the source, chromium provides a reduction in the lipid oxidation of meats.
